A recent paper compares density functional theory results for atomization energies and dipole moments using a multi-wavelet based method with traditional Gaussian basis set results, and concludes that Gaussian basis sets are problematic for achieving high accuracy. We show that by a proper choice of Gaussian basis sets they are capable of achieving essentially the same accuracy as the multi-wavelet approach, and identify a couple of possible problems in the multiwavelet calculations.
relatively slow basis set convergence behavior. 5 The pc-n basis sets, 6 on the other hand, have been designed explicitly for DFT methods, and the most recent versions denoted pcseg-n have been defined for all atoms up to Kr and up to pentuble zeta quality. 7 These basis sets employ a segmented contraction scheme in order to improve the computational efficiency, but for assessing the contraction error, the corresponding uncontracted pc-n basis sets, denoted upc-n, can be employed.
We were initially unable to reproduce the reported total energies using standard Gaussian basis sets, but as shown in Table 1 for BCl 3 , this reflects that Jensen et al. have used a grid for calculating the exchange-correlation part of the DFT energy that is not saturated in terms of grid points. 1 While the reported total energies with the standard basis sets thus may have errors in the ~0.1 milli-Hartree range due to grid errors, this fortunately cancels almost exactly when calculating atomization energies. We have in the present work employed grid sizes that provide total energies stable to at least 1 microHartree.
8 Table 1 . Total (Hartree) and atomization (kcal/mol) energies for the BCl 3 molecule using the PBE functional and the 6-311++G(3df,3pd) basis set with different grid sizes for calculating the exchangecorrelation energy term. The D/T/Q/5 notation for the cc-pVXZ basis sets corresponds to the pc-1,2,3,4 notation, respectively, in terms of basis set quality. Xpol indicates a square-root exponential extrapolation of the pc-2,3,4 results. 9 In the analysis of the results for the benchmark set of data, we noted that CH 3 S had the largest discrepancy between the MRChem-T4 and Xpol results, and this is analyzed in more detail in Table 3 . Table 3 shows the total and atomization energies for the CH 3 SH and CH 3 S molecules at the MRChem-T1,2,3,4 levels and using the uncontracted versions of the pc-n and aug-pc-n basis sets. The CH 3 SH system behaves as expected, with the MRChem-T4 and basis set extrapolated atomization energies agreeing to within ~0.01 kcal/mol and to within ~0.1 milli-Hartree for the total energy with both the PBE and PBE0 functionals. The CH 3 S system, on the other hand, display differences in the atomization energy of ~0.20 kcal/mol for both the PBE and PBE0 functionals. The basis set calculated total energies with the largest basis set are furthermore lower than the MRChem-T1,2,3,4 results, and this points to possible problems in at least some of these calculations. Jensen et al. also examined the dipole moment as a property that is not directly related to the energy, and indicated that basis set methods have difficulties attaining accuracies better than ~0.01
Grid
Debye.
1 Table 4 shows a comparison between the MRChem and basis set results, analogous to the energetic results in Table 2 . It is well-known that the basis set convergence for electric moments is greatly accelerated by employing basis sets augmented with diffuse functions, 10 and this is clearly displayed by the results in Table 4 . The aug-pc-n type basis sets again display a better and more uniform convergence than the aug-cc-pVXZ type basis sets. Besides the already mentioned problem with the CH 3 S system, we also observed a discrepancy for the CH 3 NH 2 system, which is analyzed in more detail in Table 5 . Hamiltonian is essential for achieving the full accuracy of the methodology. 13, 14 
